Ready-to-eat sprouts are becoming popular healthy fresh foods. Germination and elicitation may be used to improve phytochemical and functional quality of sprouts. The aim of this study was to unveil the efficacy of germination and the use of elicitors (500 µM ascorbic, 50 µM folic and 5 mM glutamic acid) to enhance the phenolic composition and antioxidant and angiotensin I converting enzyme (ACE) inhibitory activities of 8 day-old Phaseolus vulgaris L. var. Pinto sprouts. Sprouting produced a general decrease in flavan-3-ols and anthocyanins of sprouts that was compensated with a higher content of flavanones and flavonols. Although elicitor treatments reduced total phenolic content of sprouts, they promoted the synthesis of specific flavanones and flavonol O-glycosides, effect that was dependent on the type of elicitor. Antioxidant activity was not affected by ascorbic and folic acid treatments whereas it was slightly reduced in glutamic acid-treated sprouts. Folic acid was the only treatment that caused an outstanding increase in the ACE inhibitory activity of sprouts. In conclusion, elicitation may produce positive changes in the phenolic profile and improve healthpromoting potential of sprouts, although selection of elicitor is crucial to deliver marketplace ready to eat sprouts enriched in specific bioactive phytochemicals.
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(solvent A), and 100% acetonitrile (solvent B). The elution gradient established was 15% B for 5 min, 15-20% B for 5 min, 20-25% B for 10 min, 25-35% B for 10 min, 35-50% B for 10 min, and re-equilibration of the column. The separation of phenolic compounds was performed in a Spherisorb S3 ODS-2 C8 column (Waters, Millford, USA) (3 μm, 150 mm×4.6 mm i.d.) operating at 35 °C and a flow rate of 0.5 mL min −1 .
Double online detection was carried out in the DAD using 280 nm and 370 nm as preferred wavelengths. Mass spectrometer (MS) connected to the HPLC system via the DAD cell outlet was used and detection was performed in an API 3200 Qtrap (Applied Biosystems, Darmstadt, Germany) equipped with an ESI source, triple quadrupole-ion trap mass analyzer and controlled by the Analyst 5.1 software. The setting parameters were: zero grade air as the nebulizer gas (30 psi), turbo gas for solvent drying (400 ºC, 40 psi), nitrogen served as the curtain (20 psi) and collision gas (medium). The quadrupoles were set at unit resolution. The ion spray voltage was set at -4500 V in the negative mode. The MS detector was programmed to perform a series of two consecutive modes: enhanced MS (EMS) and enhanced product ion (EPI) analysis.
EMS was employed to show full scan spectra, to give an overview of all the ions in sample. Settings used were: declustering potential (DP) -45 V, entrance potential (EP) -6V, collision energy (CE) -10 V. Spectra were recorded in negative ion mode between m/z 100 and 1000. EPI mode was further performed with the aim to obtain the fragmentation pattern of the parent ion(s) of the previous experiment using the following parameters: DP: -50 V, EP: -6 V, CE: -25 V, and collision energy spread (CES) 0 V.
The non-anthocyanin phenolic compounds were characterized according to their UV and mass spectra and retention times, and comparison with authentic standards when available. For quantitative analysis, calibration curves were prepared by injection of Escribano-Bailón, (2010) . Detection was carried out at 520 nm. MS was performed in the same equipment described above. Zero grade air served as the nebulizer gas (40 psi) and turbo gas (600 ºC) for solvent drying (50 psi). Nitrogen served as the curtain (100 psi) and collision gas (high). Both quadrupole units were set at unit resolution. The ion spray voltage was set at 5000 V in the positive mode. EMS and ESI methods were used for acquisition of full scan spectra and fragmentation patterns of the precursor ions, respectively. Setting parameters used for EMS mode were: declustering potential (DP) 2.7. Antioxidant activity
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Oxygen Radical Absorbance Capacity (ORAC-FL) was determined by fluorescence in methanolic extracts as described by Torino et al. (2013 
Angiotensin-I converting enzyme (ACE) inhibitory activity
ACE inhibitory activity was determined in methanolic extracts according to the method described by Martínez-Villaluenga et al. (2012) . IC 50 values (concentration of sample that inhibits 50% of the ACE activity) were determined by dose-response curves in which the range of concentrations was distributed in a logarithmic scale and using a sigmoidal curve fit in GraphPad Prism 4.00 (Graphpad Software Inc., San Diego, CA, USA).
Statistical analysis
Data were expressed as mean ± standard deviation of three independent germination experiments. Data were subjected to one-way analysis of variance (ANOVA) and significant differences between samples were determined by the least significant differences (LSD) test at p ≤ 0.05 probability level, using PASW Statistics 18.0 software (IBM, Armonk, NY, USA). Principal Components Analysis (PCA) was performed with covariance matrix obtained by data transformation using also PASW Statistics 18.0 software.
Results
Identification of phenolic compounds in kidney bean seeds and sprouts.
Identification and quantification of individual phenolic compounds of kidney bean respectively, and fragments corresponding to the losses of hexoxyl moieties (-162 uma) in peak 14, and the acetylhexoside residue (-162+42 uma), in the peak 33. In none of them the identity of the sugar and location of the substituents could be established. 
Effect of germination and elicitation of kidney bean on phenolic profile
Results showed significant differences in the phenolic profile between kidney bean seeds and sprouts (Table 2) . Hydroxycinnamic compounds were the most abundant phenolic class detected in kidney bean seeds and sprouts accounting for approximately
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50% of the total phenolic content ( Figure 1 ). Kidney beans included hydroxycinnamic compounds in free forms (ferulic acid) and those linked to hydroxyacids and sugars, being synapoyl aldaric acid the main compound of this group in seeds and sprouts.
Elicitation treatments decreased the concentration of a large number of these compounds on the sprouts (P<0.05). However, ascorbic acid treatment enhanced by 72% the content of synapoyl acid derivative compared to control (P<0.05).
The hydroxybenzoic compounds in the form of p-hydroxybenzoic acid were found at the same concentration in seeds and sprouts (Table 2 ). Elicitation caused a significant reduction of the content of this compound, which was not detected in elicited sprouts
The most outstanding variations found as consequence of germination were those (Table 2) . Regarding flavanones, hesperitin-O-glucuronide hexoside was the most abundant compound in elicited sprouts, regardless the elicitor type. Elicitation reduced eriodictyol-O-hexoside 1, hesperitin and naringenin glucosides compared to control (P<0.05). On the contrary, elicited sprouts were higher in eriodictyiol-O-hexoside 2 (94%-118% increase) than control (P<0.05).
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14 Interestingly, eriodictyol-O-acylhexoside increased by 65% and 112% in sprouts elicited with folic and glutamic acids. Total flavonol content was also reduced by 67%, 51% and 35% in sprouts elicited with ascorbic, folic and glutamic acids, respectively, in comparison to control (P<0.05). Although total flavonol content was lower in elicited sprouts, it must be emphasized that folic and glutamic acids increased several flavonol compounds compared to control ( Total and individual anthocyanin content were reduced as a result of germination with the exception of pelargonidin-3-O-malonylglucoside that increased in control sprouts (P<0.05; Table 2 ). Germination in the presence of elicitors brought about a more extensive decrease of total and individual anthocyanin content to levels below the quantification limit.
Considerable variation in the total phenolic content was observed among elicited sprouts (Table 2 ). Seed treatment with ascorbic, folic and glutamic acids caused a significant decrease (64%, 57% and 44%, respectively) of total phenolic content in sprouts compared to control (P<0.05; Table 2 ).
Changes in the total and individual phenolic content of sprouts due to germination and elicitation resulted in a considerable variation in the percentage of distribution of phenolic groups. 
Effect of germination and elicitation on antioxidant activity of phenolic extracts from kidney bean sprouts
Antioxidant activity of phenolic extracts obtained from kidney bean seeds and sprouts is presented in Figure 2 . Antioxidant activity of phenolic extracts from control sprouts was significantly similar to seeds (P>0.05). Phenolic extracts from sprouts elicited with ascorbic and folic acids showed similar ORAC values than control extracts (P>0.05). In contrast, a slight reduction (14%) of the antioxidant activity was observed in phenolic extracts from sprouts treated by glutamic acid (P<0.05).
Effect of germination and elicitation on angiotensin converting enzyme
inhibitory activity of phenolic extracts from kidney bean.
ACE inhibitory activity of phenolic extracts from seeds, non-elicited (control) and elicited sprouts is shown in Figure 2 . Considerable variation was observed in the ACE inhibition of phenolic extracts among samples. Phenolic extracts from control sprouts showed the lowest ACE inhibition (P<0.05). Lower ACE inhibitory activity of the phenolic extract from control sprouts compared to that from the seeds indicates that germination reduced the ACE inhibitory activity of the phenolic fraction. ACE inhibition values of extracts from elicited sprouts treated with ascorbic acid were higher than control and similar to seeds. Interestingly, phenolic extracts from sprouts treated by
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16 folic and glutamic acids were more effective inhibiting ACE (88% and 62% inhibition, respectively) than extracts from sprouts elicited with ascorbic acid (P<0.05).
Principal Component Analyses (PCA).
PCA was carried out to determine whether there were patterns of bioactivity and total content of phenolic groups which could be associated with an elicitor treatment ( Figure   3A ). Seven components were obtained of which the first two ones accounted for 80.3 % of the total variance. PC1 primarily separates sprouts treated with elicitors from seeds and control sprouts. Moreover, PC2 separates ascorbic and folic acid treated sprouts from glutamic acid sprouts. The variable projection was useful in determining which phenolic groups or bioactivities are most differentiating. For PC1, ACE inhibitory activity and hydroxycinnamic, hydroxybenzoic, anthocyanin and catechin contents were more dominant in separating all elicited sprouts from control sprouts and seeds. PC2
was positively correlated with flavonols and flavanones. It is worth to emphasize that total content of catechins, hydroxycinnamic and hydroxybenzoic compounds were positively related to ORAC.
A second PCA analysis was performed taking into consideration the percentage of distribution of different phenolic groups and bioactivity of the phenolic fraction normalized to total phenolic content ( Figure 3B ). Two principal components (PC1 and PC2) explaining 89.53% of data variations were obtained. As it can be seen in the graph, PC1 was mainly involved in the separation of seeds and germinated samples. These results emphasized the influence of germination and elicitation on phenolic composition and bioactivity of kidney bean extracts. In addition, the observed effects were dependent on the type of elicitor used.
Discussion
Optimizing the phenolic composition of foods has attracted interest as a cost-effective strategy to improve nutrition and disease prevention that would not represent any added costs for the health sector. Specific treatments such as germination alone or in combination with precursor feeding and elicitor application can be used to increase metabolite production in the sprouts and enhance its nutritional value (Smetanska, 2008; Poulev et al., 2003) . increased slightly the total phenolic and flavonoid content of 4-day old sprouts (Swieca et al. 2014) . Differences observed between our study and previous literature data could be also attributed to the methodology used to determine total phenolic content. Earlier studies have used the colorimetric Folin-Ciocalteu method to quantify total phenolic content in seeds and elicited legume sprouts. This method is less reliable for total phenolic quantification as it interferes with nitric compounds and reducing sugars and does not correlates well with the sum of individual phenolic compounds evaluated chromatographically (Siger et al., 2012) .
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Kidney bean germination and elicitation did not affect radical scavenging activity of kidney bean sprouts with the exception of glutamic acid treatment, which induced a significant decrease of ORAC values. Previous literature data showed controversial results on the effect of germination on the antioxidant activity of sprouts (Aguilera et al.
2015, Guajardo-Flores, Serna-Saldívar, & Gutiérrez-Uribe 2013) probably due to plant genetics and germination conditions. Previous research showed that elicitors increase total phenolic content and, consequently, antioxidant activity of sprouts (Swieca, Seczyk, & Gawlik-Dziki, 2014) . In the present study no correlation was found between total phenolic content and antioxidant activity which could be due to differences in phenolic compositional and structural complexity of extracts from seeds and sprouts.
Different studies have revealed the important role that phenolic structure plays in its radical scavenging activity; the position and number of hydroxyl groups in the basic structure significantly affects antioxidant activity of such molecules (Jing et al., 2012) .
Structure-activity analysis showed that p-coumaric acid exhibit the largest oxygen radical absorbance capacity, followed by ferulic acid, and hydroxybenzoic acids Sprouts exhibited a lower ACE inhibition activity than kidney bean seeds. By contrast, elicitor treatment produced an increase in ACE inhibitory activity of sprouts compared to control germination, being this effect outstanding in elicited sprouts with folic acid. Quercetin and kaempferol are among the most potent ACE inhibitors out of 39 phenolic compounds belonging to different structural subtypes (Guerrero et al., 2012; Al Shukor et al. 2013 ). Higher ACE inhibition activity of flavonols has been reported to be due to the combination of the following elements in the flavonoid structure: the catechol group in the B-ring, the double bond between C2 and C3 at the C-ring, and the cetone group in C4 at the C-ring (Guerrero et al., 2012) . A significant linear correlation between ACE inhibitory activity and eridictyol-O-acylhexoside (r = 0.789, p=0.02) was found that could explain the highest ACE inhibition observed in elicited sprouts with folic acid. 5.
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Conclusions
Germination in the presence of elicitors gave rise to important changes in the phenolic profile and bioactivity of sprouts. A general decrease in the concentration of total and individual phenolic compounds was observed in elicited sprouts, although an enhancement in the content of specific flavanones (eriodictyol derivatives) and flavonols (quercetin and kaempferol derivatives) was found. Elicitor treatment positively affected the ACE inhibitory activity of sprouts while no improvements were found for antioxidant activity. Folic acid was the most suitable elicitor to improve phytochemical quality and maximize the health-promoting properties of kidney bean sprouts.
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